箱玉系の頂点作用素と分配関数 (可積分系研究の新展開 : 連続・離散・超離散) by 国場, 敦夫 et al.
Title箱玉系の頂点作用素と分配関数 (可積分系研究の新展開 :連続・離散・超離散)
Author(s)国場, 敦夫; 尾角, 正人; 高木, 太一郎; 山田, 泰彦








Graduate School of Arts and Sciences, University of Tokyo
(Masato Okado)
Graduate School of Engineering Science, Osaka University
(Taichiro Takagi)
Department of Applied Physics, National Defense Academy
(Yasuhiko Yamada)















Corner Transfer Matrix (CTM)
Baxter ([B] 13 ) ( 1980
) CTM $q$ 1980 90
( $q$ ) [DJKMO].














$M$ $A$ [KKR, $\mathrm{K}\mathrm{S}\mathrm{S}$ ] [OSS]
[HKOTYI, HKOTT]
2
$n$ [T] $A_{n}^{(1)}$ soliton cellular automaton
( )
$B_{k}$
$A_{n}^{(1)}$ $k$ $B_{k}’$ $A_{n-1}^{(1)}$ $k$
[HHIKTT, $\mathrm{F}\mathrm{O}\mathrm{Y},$ $\mathrm{H}\mathrm{K}\mathrm{T}$]
2
bare picture : $P=B_{1}\otimes B_{1}\otimes B_{1}\otimes\cdots|\mathrm{b}.\mathrm{c}$
quasi particle picture : $S=\cup\iota\cup k_{1},\ldots,k_{l}\mathrm{A}\mathrm{f}\mathrm{f}(B_{k_{1}}’)\otimes\cdots\otimes \mathrm{A}\mathrm{f}\mathrm{f}(B_{k_{l}}’)|_{\mathrm{e}.\mathrm{c}}$
$P$
$\mathrm{b}.\mathrm{c}$
(boundary condition) $S$ ( )













$A_{1}^{(1)}$ $k$ $B_{k}=\{(x_{1}, x_{2})\in \mathbb{Z}_{\geq 0}^{2}|x_{1}+x_{2}=k\}$
$(x_{1}, x_{2})$ $\infty i_{1}\ldots i_{k}$ $i_{1}=\cdots=i_{x_{1}}=1,$ $i_{x_{1}+1}=\cdots=i_{k}=2$ 1 [ $k=1$
$(1, 0)=1,$ $(0,1)=2,$ $B_{1}=\{1,2\}$ $B_{1}$ 1
2
$P=\{p=b_{1}\otimes b_{2}\otimes\cdots\in B_{1}\otimes B_{1}\otimes\cdots|bj=1(j\gg 1)\}$ (1)
$P$
T $P$ $T_{k}(k\in \mathbb{Z}_{\geq 1})$
$(k, 0)\otimes p=T_{k}(p)\otimes(k,0)$ (2)
$=$ $R:B_{k}\otimes B_{1}=B_{1}\otimes B_{k}$
$B_{k}\otimes(B_{1}\otimes B_{1}\otimes\cdots)=(B_{1}\otimes B_{1}\otimes\cdots)\otimes B_{k}$ $(k, 0)\in B_{k}$ $k$
$R$ $R:B_{l}\otimes B_{k}arrow B_{k}\otimes\ovalbox{\tt\small REJECT}$
$k,$ $l$
$R:(x_{1},x_{2})\otimes(y_{1},y_{2})\mapsto(x_{1}’, x_{2}’)\otimes(y_{1}’,y_{2}’)$
$x_{2}’=y_{2}+ \min(y_{1}, x_{2})-\min(x_{1}, y_{2})$ , $x_{1}’+x_{2}’=k$
$y_{2}’=x_{2}+ \min(x_{1}, y_{2})-\min(y_{1}, x_{2})$ , $y_{1}’+y_{2}’=l$
(2) b\in B\sim $b\otimes p$ $P$
$p’\otimes(k,0),$ $p’\in S$ 7 $T_{1}$






2 1 $p$ $b_{1}b_{2},$ $\ldots$
$E:Parrow \mathbb{Z}_{\geq 0}$
$E(p)=. \sum_{1\geq 1}i\theta(b_{1}$
. $<b:+1)$ , $\theta(\mathrm{t}\mathrm{r}\mathrm{u}\mathrm{e})=1,$ $\theta(\mathrm{f}\mathrm{a}\mathrm{l}\mathrm{s}\mathrm{e})=0$ (4)
(3) 1, 2 5, 8 $E$
$j$
$\mathrm{r}_{\mathrm{r}\mathrm{e}\mathrm{g}\mathrm{i}\mathrm{m}\mathrm{e}}$ $i$ 2 .. . $11\hat{2\ldots 2}11\ldots$
1 $j$ . 2. ..2
$T_{k}$ $\min(j, k)$ $j$ $mj$




(2) $(k, 0)\otimes b_{1}\otimes b_{2}\otimes\cdots$ $R$
$i-1$ $b_{1}’\otimes\cdots\otimes b_{-1}’\dot{.}\otimes c_{i}(k)\otimes b_{:}\otimes b_{:+1}\otimes\cdots$
$c_{i}(k)=(\alpha_{i}(k),\beta_{i}(k))\in B_{k},$ $b_{i}=(u:,v:)\in B_{1}$ $p=b_{1}\otimes b_{2}\otimes\cdots$ soliton content
$m=(m_{1}, m_{2}, m_{3}, \ldots)$
$. \sum_{1\geq 1}\min(k, i)m:=E_{k}(p):=\dot{.}\sum_{\geq 1}\min(\alpha:(k), v\dot{.})$
$\forall_{k\in \mathbb{Z}\geq 1}$ (5)
[HKOTY2] a(p) ( ) $T_{k}$
$E_{k}(Tj(p))=E_{k}(p)$ $j,$ $k$ ( soliton
content ) $E(p)$
$E(T_{j}(p))=E(p)+E_{j}(p)$ (6)
$p=(b_{1}, b_{2}, \ldots)$ $k$ $i(i=1,2)$ $\#:(b_{1}, \ldots,b_{k})$
$P$
$\mathrm{p}+=\{p=(b_{1}, b_{2}, \ldots)\in P|\# 1(b_{1}, \ldots, b_{k})\geq\# 2(b_{1}, \ldots,b_{k})\forall k\}$ (7)
highest path $p$ $sl_{2}$ Kashiwara
$\tilde{e}_{1}$ lattice permutation
(3) 2 $p+$ $p\in p+$ $T_{k}(p)\in \mathrm{p}+$
Soliton content $m=(m_{1}, m_{2}, \ldots)$
$P_{L}(m)=$ {$p=(b_{1},$ $b_{2},$ $\ldots)\in P|p\text{ }$ soliton content $=m,$ $b_{j}=1(j>L)$} (8)
$P_{L}^{+}(m)=$ {$p=(b_{1},$ $b_{2},$ $\ldots)\in p+|p\text{ }$ soliton content $=m,$ $b_{j}=1(j>L)$ } (9)









$q$ ( $q$-adic topolo ) $Z_{L}^{+}(m),$ $Z_{L}(m)$
(43), (44)
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1. Soliton content $m=(1,0,1,0,0, \ldots)$ $Z_{L}^{+}(m)$ T
$\hat{1\ldots 1}222\hat{1\ldots 1}211\ldots 1j\geq 3k\geq 1$
$q^{10}\{L -62\}$
$12\hat{1}k.\geq..3$
122211. . . . . . 1 $q^{6}\{L -71\}$
$112\hat{1}k.\geq..2$
122211. .. . . . 1 $q^{7}\{L -71\}$
$\hat{1\ldots 1}2\hat{1}j\geq 3k.\geq..1$
12221. . . 1 $q^{8}\{L -62\}$




$Z_{L}^{+}(m)=q^{6}\{L -31\}\{L -71\}$ (12)
$q$ q-2
$\{\begin{array}{l}kj\end{array}\}=\frac{(q)_{k}}{(q)_{j}(q)_{k-j}}$ , $(q)_{j}=. \prod_{1=1}^{j}(1-q^{:})$
Soliton contents CTM (80 )
$\sum_{m}Z_{L}(m)=\{\begin{array}{l}Ls\end{array}\}$ , $\sum_{m}Z_{L}^{+}(m)=\{\begin{array}{l}Ls\end{array}\}-\{\begin{array}{ll} Ls -1\end{array}\}$ (13)
O\leq s\leq L $0\leq s\leq L/2$ $\sum_{m}$ $\sum_{j\geq 1}jmj=s$





[ $\mu=(\mu\iota, \ldots,\mu_{2},\mu_{1})$ $\mu$: $\mu$ $i$ $1\leq\mu_{1}\leq\mu_{2}\leq\cdots\leq\mu\iota$
$\mu$ $m=(m_{1}, m_{2}, \ldots)$
$(\mu_{1}, \mu_{2}, \ldots, \mu\iota)=1.\ulcorner^{m_{1}m_{2}}..1\hat{2\ldots 2}\ldots\ldots)$
(14)
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$k>\mu_{l}$ $m_{k}=0$ $\mu$ $m$ (14)
$| \mu|=\sum_{1}$. $\mu:=|m|=.\cdot\sum_{\geq 1}im|$
. (15)
$(L,\mu)$ $L\geq 2|\mu|$ configuration Configuration $(L, \mu)$
$p:=L-2 \sum_{j\geq 1}\min(i,j)m_{j}$ (16)
$p_{1},p_{2},$ $\ldots$ ancy vacancy $\geq p_{2}\geq\cdots\geq 0$
$\mu$ $(\mu:)$ $0\leq J.\cdot\leq P\mu$ : $J\dot{.}$ (ri ng ) assign
Ri $\mathrm{e}\mathrm{d}$ Configuration (RC) $\mu$ assign
ri $\mathrm{i}\mathrm{n}\mathrm{g}$ (14) $k$
$0\leq J_{m_{1}+\cdots+m_{k-1}+1}\leq J_{m_{1}+\cdots+m_{k-1}+2}\leq\cdots\leq J_{m_{1}+\cdots+m_{k}}\leq p_{k}$ (17)
Ri $\mathrm{n}\mathrm{g}$ $J=(J.\cdot)$ ri $\mathrm{e}\mathrm{d}$ conf uration
$(L,\mu, J)$ Configuration $(L, \mu)$ rigged configuration $\mathrm{R}\mathrm{C}\iota(\mu)$
$\mathrm{R}\mathrm{C}_{L}(\emptyset)=\{(L, \emptyset, \emptyset)\}$ 1 $(L,\mu)$ configuration $\mathrm{R}\mathrm{C}_{L}(\mu)=\emptyset$
2. $\mathrm{R}\mathrm{C}_{8}((2,1,1))$ 6
$L=8$ $\mu$ ri $\mathrm{n}\mathrm{g}$ $\mu$ $i$
vacancy $p$: $L=8$
$p_{1}=2,p_{2}=0$ Configuration $(L,\mu)$
$\mathrm{m}\mathrm{c}\mathrm{y}p$: $L-2$ ($\mu$ $i$ ) (16)
Ri $\mathrm{e}\mathrm{d}$ configuration $(L,\mu, J)$ $E_{\mathrm{R}\mathrm{C}}$




$\sum_{0\leq j_{1}\leq\cdots\leq j_{k}\leq \mathrm{p}}q^{j_{1}+\cdots+j_{k}}=\{\begin{array}{l}p+kk\end{array}\}$
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$M_{L}( \mu):=\sum_{\alpha\in \mathrm{R}\mathrm{C}_{L}(\mu)}q^{E_{\mathrm{R}\mathrm{C}}(\alpha)}=q^{\phi(m)}.\prod_{1\geq 1}\{\begin{array}{l}p..+m.m_{|}\end{array}\}$ ,
$\phi(m):=\sum_{:,j\geq 1}\min(i,j)m:m_{j}$ (20)





$0\leq 2s\leq L$ Ri $\mathrm{e}\mathrm{d}$ configuration
$\pi^{*}:\cup \mathrm{R}\mathrm{C}_{L}(\mu)$
$\mu(|\mu|=\epsilon)arrow m(|m|=\iota)\cup P_{L}^{+}(m)$ (21)
ri $\mathrm{e}\mathrm{d}$ configuration $(L,\mu, J)\in \mathrm{R}\mathrm{C}_{L}(\mu)$ ri $\mathrm{n}\mathrm{g}$ $\mu$
$((\mu:), J_{1}.)$ string m $\mathrm{n}\mathrm{g}$ $J_{1}$. $p_{\mu i}$ string $\mathrm{s}\mathrm{i}\mathrm{n}\mathrm{g}\ovalbox{\tt\small REJECT}$
2 ri $\mathrm{e}\mathrm{d}$ configuration singular
singular $L$ vacancy singular
$p_{i}(L)$ Ri $\mathrm{e}\mathrm{d}$ configuration $L$ string
$\{((\mu_{1}), J_{1}), ((\mu_{2}), J_{2}), \ldots\}$ ( ) 2
m ed co guration
Rigged configuration $=\{$2sin l
string
1singular string
$(L, \emptyset,\emptyset)\in \mathrm{R}\mathrm{C}_{L}(\emptyset)$ 1
ri $\mathrm{e}\mathrm{d}$ configuration $(L, \mu, J)\in \mathrm{R}\mathrm{C}_{L}(\mu)$ T ri $\mathrm{e}\mathrm{d}$ configu-
ration $(L-1,\mu’, J’)\in \mathrm{R}\mathrm{C}_{L-1}(\mu’)$. $(L,\mu, J)$ 1 $\mu’=\mu,$ $J’=J$. $(L,\mu, J)$ 2 singular string
$((\mu_{1}.), J_{1}.)$ singular string
$((\mu:-1),p_{\mu j}-1(L-1))$ -
singular ri $\mathrm{n}\mathrm{g}$ $i$ string
$\{. . . , ((\mu:-1), J_{1-1}.), ((\mu:-1),p_{\mu:-1}(L-1)), ((\mu:+1), J_{1+1}.), \ldots\}$ $(\mu’, J’)$
$\mu:=1$ singular string $((\mu:), J_{1}.)$
$(L-1, \mu’, J’)$ $\mathrm{R}\mathrm{C}_{L-1}(\mu’)$
$(L,\mu, J)-^{r}(L-1,\mu’, J’)$ $(L,\mu, J)$ ( $r$ ) (22)
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rigged configuration $\alpha=(L, \mu, J)\in \mathrm{R}\mathrm{C}_{L}(\mu)$ $(0, \emptyset, \emptyset)$
$\alphaarrow\alpha^{(1)}r_{1}arrow r_{2}$ . .. $r_{L-1,arrow}\alpha^{(L-1)}arrow(r_{L}0, \emptyset, \emptyset)$
$\pi^{*}$
$\pi^{*}(\alpha)=(r_{L}, r_{L-1}, \ldots, r_{2}, r_{1},1,1,1, \ldots)$
$\pi^{*}$ $\mathrm{p}+$
3([KR, KKR]). $\pi^{*}(21)$ intertwine $E_{\mathrm{R}\mathrm{C}}=E\circ\pi^{*}$ .
[KR] ri $\mathrm{e}\mathrm{d}$ configuration (Q-symbol)
insertion [NY]
4. 2 6 ri $\mathrm{e}\mathrm{d}$ configuration
87 6 5 4 3 2 1 0
$02\ovalbox{\tt\small REJECT}_{0}^{0}arrow 21@_{0}^{1}0$
$arrow 22\mathrm{H}_{0}^{0}$ $arrow 11\mathrm{H}_{0}^{0}$ $\mathrm{o}\mathrm{H}_{0}^{0}$
$arrow 21\coprod 0arrow 1$ $0\coprod 0_{arrow}2$ $\emptyset$ $arrow 1\emptyset$
$2\overline{\mathrm{F}_{0}}^{0}0arrow 21@_{0}^{1}1$
$arrow 22\mathrm{H}_{0}^{1}$ $arrow 11\mathrm{H}_{0}^{1}$
$arrow 22\coprod 0$ $arrow 11\coprod 0arrow 1$ $0\coprod 0_{arrow}2$ $\emptyset$ $arrow 1\emptyset$
[ [I]0 $\underline{2}31\mathrm{f}\mathrm{f}\mathrm{l}^{0}arrow 120\mathrm{f}\mathrm{f}\mathrm{l}^{0}\underline{2}1\mathrm{H}_{0}^{1}$ $\underline{2}2\square 0$ $1\coprod 0\underline{1}$ $0\coprod 0\underline{2}$
$\emptyset$ $\underline{1}\emptyset$
$02\overline{\mathrm{F}_{1}}^{0}arrow 21\ovalbox{\tt\small REJECT}_{1}^{1}1$
$arrow 22\mathrm{H}_{1}^{1}$ $arrow 11\mathrm{H}_{1}^{1}$
$arrow 22\coprod 1$ $1\coprod 1arrow 2$ $\emptyset$ $arrow 1$ $\emptyset$ $arrow 1\emptyset$
$2\ovalbox{\tt\small REJECT}_{1}^{0}0arrow 231\mathrm{F}_{1}^{0}$
$20\mathrm{F}_{1}^{0}arrow 21\mathrm{H}_{1}^{1}$
$arrow 22\coprod 1$ $arrow 11\coprod 1arrow 2$ $\emptyset$ $\emptyset$ $arrow 1\emptyset$
$20 \mathrm{F}_{0}^{0}arrow 231\mathrm{f}\mathrm{f}\mathrm{l}^{0}\underline{1}20\mathrm{f}\mathrm{f}\mathrm{l}^{0}arrow 21\prod 0$










$\langle$ 11. . . $E(4)$
(19) $E_{\mathrm{R}\mathrm{C}}$ $\mathrm{p}+$ $L=8,$ $s=4$




Ri $\mathrm{e}\mathrm{d}$ configuration $(0, \emptyset, \emptyset)$
$r$ (22) $r=1$ $L$ $r=2$
$(L-1, \mu’, J’)$ singular string singular ri ng
singular string 1 singular
ri $\mathrm{n}\mathrm{g}$ $\pi^{*}$ $\pi_{*}$ KKR
5.
$m \sum_{(|m|=s)}Z_{L}^{+}(m)=\sum_{(\mu|\mu|=l)}M_{L}(\mu)$
$sl_{2}$ $X$ , $M$ Bethe
1931 $q=1$
( ) 5 Kostka $K_{\lambda,\nu}(q)$ $q$ $q^{-1}$
$q^{\underline{L}[perp]\neq^{-1}}K_{\lambda,\nu}(q^{-1})L$ , $\lambda=(L-s, s),$ $\nu=(1^{L})$ (23)
Macdonald [Ma] 245 $K_{\lambda,\nu}(q)$ [KR]
Examples ( \mbox{\boldmath $\alpha$}rH $\alpha_{n+1}^{(k)}$ ) (23)
$sl_{2}$ 1/2 $L$ $L/2-s$
$q$
6
ri $\mathrm{e}\mathrm{d}$ configuration 1:1
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$\sim k$
$B_{k}’(\subset B_{k})$ 22. . . 2 “$sl_{1}$ $k$ ”
$k$ $\mathrm{A}\mathrm{f}\mathrm{f}(B_{k}’)=\{k\text{ } |d\in \mathbb{Z}\}$ $\fbox 2\ldots 2$ $[]$
(k)[d] $[]$
$\mathrm{A}\mathrm{f}\mathrm{f}(B_{k}’)$ $S$
$S:\mathrm{A}\mathrm{f}\mathrm{f}(B_{k}’)\otimes \mathrm{A}\mathrm{f}\mathrm{f}(B_{k}’,)$ $\simeq$ $\mathrm{A}\mathrm{f}\mathrm{f}(B_{k}’,)\otimes \mathrm{A}\mathrm{f}\mathrm{f}(B_{k}’)$ (24)
$k[d]\otimes k’[d’]$ $\vdash\Rightarrow$ $k’[d’- \min(k, k’)]\otimes k[d+\min(k, k’)]$ for $k\neq k’$
$k[\text{ }\otimes k[d’]$ $\vdash\nu$ $k[d]\otimes k[d’]$ for $k=k’$





$S^{(k)}(m)=\{k[d_{1}]\otimes\cdots\otimes k[d_{m_{k}}]|r_{k-1}\leq d_{1}<k\ldots<kd_{m_{k}}\}$ (27)
$r_{k}=m_{1}+2m_{2}+\cdots+km_{k}$ (28)
(25) $\bigcup_{m}$ $m=(m_{1}, m_{2}, \ldots),$ $m:\in \mathbb{Z}_{\geq 0}$ $|m|<\infty$
$S$ ($S$ ) (24)
(25) $S$ $S$-orbit (26)
(27) $|m|<\infty$ (26)
[ (27) $d<kd’\Leftrightarrow d\mathrm{d}\mathrm{e}\mathrm{f}+k\leq d’$ (27)
2 (exclusion condition)
$k_{1}[d_{1}]\otimes\cdots\otimes k_{l}[d_{l}]\in S$
$\ ^{\mathrm{e}\mathrm{f}}k_{1}[d_{1}]\otimes\cdots\otimes k_{l}[d_{l}]\in S(^{\exists}m)$ (29)
1 $\Leftrightarrow d:+1-d\mathrm{d}\mathrm{e}\mathrm{f}:\geq\min(k:, k:+1)$ for $1\leq i\leq l-1$ (30)
(30) $2[1]\otimes 3[3]=3[1]\otimes 2[3]$
$k_{1}[d_{1}]\otimes\cdots\otimes k_{l}[d_{l}]\in S$
$l=1$ $k_{l}[d_{l}]\in S$ $l>1$ $k_{i+1}[d:+1]\otimes\cdots\otimes k_{l}[d_{l}]\in S$
$k_{:}[d:]\otimes k_{:+1}[d_{1+1}.]\otimes\cdots\otimes k_{l}[d_{l}]$ $S$ $\mathrm{I}$ (24)
$k_{:+1}[d_{1+1}’.]\otimes\cdots\otimes kj[d_{j}’]\otimes k:[d_{1}’.]\otimes kj+1[dj+1]\otimes\cdots\otimes k_{l}[d_{l}]$ [ (i\leq j\leq l)
$i$ $k_{:}[d:]\otimes k:+1[d:+1]\otimes\cdots\otimes k_{l}[d_{l}]$
$j=l-1,$ $l-2,$ $\ldots,$ $1$ $k_{1}[d_{1}]\otimes\cdots\otimes k_{l}[d_{l}]\in S$
(24)
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1 $[15]\otimes 2[5]\otimes 3[4]\otimes\underline{3[9]}\otimes 4[10]$
$=1[15]\otimes\underline{2[5]}\otimes 3[4]\otimes 4[7]\otimes 3[12]$
$=\underline{1[15]}\otimes 3[2]\otimes 4[5]\otimes 2[9]\otimes 3[12]$
$=3[1]\otimes 4[4]\otimes 2[8]\otimes 3[11]\otimes 1[19]$
1 $S$ $k_{i}[\mathit{4}]$
$k_{1}[d_{1}]\otimes\cdots\otimes k_{l}[d_{l}]\in S$ $m:=$
$\#\{j|k\mathrm{j}=i\},$ $m=(m_{1}, m_{2}, \ldots)$
$R_{\mathrm{D}}(k_{1}[d_{1}] \otimes\cdots\otimes k_{l}[d_{l}])=.\sum_{1=1}^{l}d:+\frac{\phi(m)-|m|}{2}$ $(\in \mathbb{Z})$ (31)
$\phi(m)$ (20) $|m|$ (15) $R_{\mathrm{D}}$ $S$ (24)
$S$ Ri $\mathrm{e}\mathrm{d}$ configuration 1:1 $S_{L}^{+}\subset S$
$S_{L}^{+}/S=\cup mS_{L}^{+}(m)$ (32)
$S_{L}^{+}(m)=S_{L}^{(1)+}(m)\otimes S_{L}^{(2)+}(m)\otimes\cdots$ (33)
$S_{L}^{(k)+}(m)=\{k[d_{1}]\otimes\cdots\otimes k[d_{m_{k}}]|r_{k-1}+k\leq d_{1}<k\ldots<kd_{m_{k}}\leq r_{k}+p_{k}\}$ (34)
p\sim $m$ $L$ (16) $S_{L}^{+}(m)\subset S(m)$




7. $\rho$ intertwine ( $E\mathrm{R}\mathrm{c}=E\mathrm{s}\mathrm{D}\mathrm{o}\rho$.
$\mu_{1}\leq\cdots\leq$ $[J_{1}+\xi_{1}]\otimes\cdots\otimes\mu\iota[J\iota+\xi\iota]$
(33)-(34) $\{J_{1}.\}$ (17) (31) $d_{:}=J\dot{.}+\xi$:
$\sum_{:}\xi:=\ovalbox{\tt\small REJECT}_{2}\phi m+m$ (18)
$\rho$ Ri $\mathrm{e}\mathrm{d}$ configuration rigging
string $((\mu:), Jj)$ $\mu:[J.\cdot+\xi:]\in \mathrm{A}\mathrm{f}\mathrm{f}(B_{\mu:}’)$ string
$J.\cdot+\xi$: ri $\mathrm{n}\mathrm{g}$ $J_{1}$. T $\xi$:
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8. 2 $\mathrm{R}\mathrm{C}_{8}((2,1,1))$ 6 $\rho$
1 $[1]\otimes 1[2]\otimes 2[4]$ $E_{\mathrm{S}\mathrm{D}}=10$
$1[1]\otimes 1[3]\otimes 2[4]$ $E_{\mathrm{S}\mathrm{D}}=11$
$1[1]\otimes 1[4]\otimes 2[4]$ $E_{\mathrm{S}\mathrm{D}}=12$
$1[2]\otimes 1[3]\otimes 2[4]$ $E_{\mathrm{S}\mathrm{D}}=12$
$1[2]\otimes 1[4]\otimes 2[4]$ $R_{\mathrm{D}}=13$
$1[3]\otimes 1[4]\otimes 2[4]$ $R_{\mathrm{D}}=14$
$r_{0}=0,r_{1}=2,r_{2}=4,p_{1}=2,p_{2}=0$ (34)





$\Phi_{k}$ : $Parrow P$
$p\mapsto p’$
$p’$ $B_{k}\otimes(B_{1}\otimes B_{1}\otimes\cdots)=(B_{1}\otimes B_{1}\otimes\cdots)\otimes B_{k}$
$(0, k)\otimes p=p’\otimes(k, 0)$
(2) Pvac $=(1,1, \ldots)\in P$ 2
$x\in S$ $x=k_{1}[d_{1}]\otimes\cdots\otimes k_{l}[d_{l}]$







\Phi ( 6 ) $=(122211122211222111122212111\ldots)$
\Phi ( 8 ) =( 4 )




10. soliton content $m$ $\Phi(S(m))\subseteq P_{\infty}(m)$ .
$p\in S(m)$ $E_{k}( \Phi(p))=\sum_{:}\min(k, i)m$ : (5)
1L(35)G $\Phi_{k_{j}}T_{1}^{d_{\mathrm{j}+1}-d_{j}}\cdots T_{1}^{d_{l}-d_{l-1}}\Phi_{k_{l}}(p_{\mathrm{v}\mathrm{a}\mathrm{c}})$ i $k_{j},$ $\ldots,$ $k\iota$
soliton content $m=(m:)$ [ $m_{\dot{*}}=\#\{t|k_{t}=i, j\leq t\leq l\}$
10 T
12. $\Phi$ : $Sarrow P$ soliton content $m=(m_{1}, m_{2}, \ldots)$ $\Phi(S(m))=$
$P_{\infty}(m)$ .
13. $\Phi$ intertwine $E\circ\Phi=E_{\mathrm{S}\mathrm{D}}$ .
(35) $rj=\Phi_{k_{\mathrm{j}+1}}\cdots T_{1}^{d_{l}-d_{l-1}}\Phi_{k_{l}}(p_{\mathrm{v}\mathrm{a}\mathrm{c}}),$ $s_{j}=T_{1}^{d_{\dot{g}+1}-d_{\dot{g}}}(r_{j})$
$E(s_{j})-E(r_{j})=(l-j)(d_{j+1}-d_{j})$ (36)
$E( \Phi_{k_{j}}(sj))-E(s_{j})=\sum_{:=j+1}^{l}\min(k:, kj)$ (37)
$E(p_{\mathrm{v}\mathrm{a}\mathrm{c}})=0$ (36), (37) $E(\Phi(x))$ (31)
11 (36) $rj$ T $l-j$
(6) (37) $sj$ 2 $k_{j}$










(38) soliton content $s_{j}’$ $\Phi_{k_{j}}(Sj)$
$k_{j},$
$\ldots,$
$k\iota$ (5) $E_{k_{\mathrm{j}}}(s_{j}’)= \sum_{1=j}^{l}.\min(k:, kj)$
(37)
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$T_{j}$ : $Sarrow S$ $(j=1,2, \ldots)$
$T_{j}(k_{1}[d_{1}] \otimes\cdots\otimes k_{l}[d_{l}])=k_{1}[d_{1}+\min(j, k_{1})]\otimes\cdots\otimes k\iota[d\iota+\min(j, k_{l})]$ (41)
$S$ $S$ ( )
$T_{j}$
14. $Tj\mathrm{o}\Phi=\Phi \mathrm{o}Tj$ .
(41)
$\{k_{1}, \ldots, k_{l}\}$
$\{d_{1}, \ldots, d_{l}\}$ $\Phi$
15. $T_{2}$ ($T_{3},$ $T_{4},$ $\ldots$ )
S( ) $P$
$1[2]\otimes 1[3]\otimes 2[2]=2[0]\otimes 1[3]\otimes 1[4]-^{\Phi}$ 2211212111111...
$1[3]\otimes 1[4]\otimes 2[4]=2[2]\otimes 1[4]\otimes 1[5]\mapsto 1122121211111\ldots$
$1[4]\otimes 1[5]\otimes 2[6]=1[4]\otimes 1[5]\otimes 2[6]-1111212122111\ldots$
2 4 8
8
$Parrow S$ Highest path
$P^{+}(7)$ 5 KKR $\pi_{*}$ 6 $\rho$
16. $E,$ $E_{\mathrm{R}\mathrm{C}}$ , Es intertwine
$P_{L}^{+}(m)$ $\mathrm{R}\mathrm{C}_{L}(\mu)$ 1:1 3((21) )
3 7 13 9
8 $\Phi$ 4
16 ghest path





$\mathrm{K}\mathrm{K}\mathrm{R}$ $\not\in\ovalbox{\tt\small REJECT} \mathfrak{s}\mathrm{w}$ $ffl\neq_{\backslash }\pi_{\backslash }$ $f$ $|)$ $\lambda$ $P/\triangleright$
Rigged Configuration $\Re ffi_{\mathrm{J}}\overline{\tau}-p$ (fFffl. $\mathrm{g}$ $\ovalbox{\tt\small REJECT}^{\backslash }\Re$ ) Aff$(B_{k}’1)\otimes\cdots\otimes \mathrm{A}ff(B_{k}’l)$
KKR $4\mathrm{g}\mathrm{g}$ $\pi^{*}$ $\grave{\mathrm{J}}\mathrm{E}\Re 6\mathrm{b}\Xi ffl$ $ffl k\downarrow l\mathrm{F}ffl\ovalbox{\tt\small REJECT}$ $\Phi$
16 ffi. soliton content $Z_{L}^{+}(m)(11)$
$Z_{L}^{+}(m)=M_{L}(\mu)$ (43)
(20) (14) 5
$mj$ soliton content 1 $Z_{L}^{+}(m=(1,0,1,0,0\ldots))$ (12)
$M_{L}(\mu=(3,1))$ (14), (20) $Larrow\infty$
$Z_{\infty}^{+}(m)=. \frac{q^{\phi(m)}}{\prod_{1}(q)_{m}}.\cdot$
9
8 highest path $P$
$sl_{2}$ KKR
$P$ Ri $\mathrm{e}\mathrm{d}$ configuration $\pi^{*},$ $\pi_{*}$ intertwine
16 highest
$Z_{L}(m)$
$Z_{L}(m)=q^{\phi(m)-|m|}. \prod_{1\geq 1}\{\begin{array}{l}p..+m_{|}.+im_{|}\end{array}\}$ (fl)
KKR XXX $p$ 1




$R(\nu, m)$ 1 ( 1/2)
[YYT]
1 [HKOTT] Appendix $\mathrm{B}$
[NY2] $A$
$g_{n}$
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